The population of healthy Polish men has not been frequently and systematically investigated for fertility status. The aim of this study was to assess the quality of semen in a randomly recruited population of young males. The most important task was to find a relationship between semen parameters, sex hormones, and AR gene polymorphism.
Background
Epidemiological studies of human semen and male infertility in both Europe and North America have a long tradition, and has verified the decline in semen quality over the past sixty years [1, 2] . The population of healthy Polish men has not been frequently investigated to date, but infertile Polish males have been examined more often. The possible effects of environmental factors on the male reproductive functions were the main subjects of study. Thus, we have no data for systematically monitoring trends in human semen quality in Poland. However, the data collection here could potentially be helpful for demographic analysis.
The quality of semen and male reproductive functions depends mainly on hormones, which operate in a network of complicated interrelationship with other factors. The most important role has been assigned to the hypothalamic-pituitary-testicular axis. Pulse secretion of LH, FSH, and GH stimulates testis function and develops male phenotype and spermatogenesis. Inhibin B appears as a main serological marker of male gonad function, which is produced by Sertoli cells. It can negatively regulate FSH, exhibiting crucial feedback between the gonad and pituitary levels. Androgens are crucial for the development and differentiation of the male genital organs, testicular descent, initiation of spermatogenesis, and growth of the accessory glands. Testosterone is the main circulating androgen. Testosterone can be converted to 5a-dihydrotestosterone (DHT), and 44% of circulated testosterone is bound to sex-hormone-binding globulin (SHGB).
Testosterone and DHT act through the androgen receptor. Functional androgen receptors may be responsible for the enhancement or impairment of the transcriptional activity of at least a few genes. Androgen receptor function is modified by two polymorphic sequences, a polyglutamine encoded by trinucleotide repeat (CAG) and a polyglycine coded by another trinucleotide repeat (GGN). The CAG repeat length has been inversely related to the risk of prostate cancer, and shorter CAG repeat length is associated with its higher incidence [3, 4] . Greater than average CAG repeats show an association with infertility [5] but there are studies in which it is difficult to confirm this interpretation [6] [7] [8] . Longer CAG repeats have rather been associated with idiopathic hypospadias or bilateral undescended testes [9] . The GGN repeat has been less frequently studied, and inconsistent data have been reported. Rajender revealed no association between GGN repeat length and infertility [10] . The Castro-Nallar group showed that GGN 23 was the predominant allele and that GGN 24 was the second most common allele in men with idiopathic infertility. GGN 24 was thus identified to be the prevalent allele in cryptorchidism and infertility [11] .
The present study was designed to assess the quality of semen in a population of young men in Poland. The most important goal was to find a relationship between sex hormones, AR receptor gene polymorphism, and seminological parameters.
Our aim was therefore to evaluate the main seminological parameters and level of sex hormones and circulating serum proteins (paracrine factors), together with the genetic polymorphism of androgen receptor (AR) in a randomly recruited population of young males (18-35 years old) from Poznan and Lublin regions.
Material and Methods

Cohort recruitment
Young men (18-35 years of age) were invited to participate in a study to assess their semen quality, sex hormonal levels, and CAG and GGN (length) repeats. The cohort of young males was divided into two subgroups, depending on the site (region) of volunteer recruitment: the first group was recruited in Poznan (n=113) and the second group in Lublin (n=89). The Poznan-based population was recruited by the Andrology Unit of the University of Medical Sciences in Poznan and through media notices. The subpopulation from the Lublin region was recruited through advertisements supervised by private clinics dealing with infertility.
Semen samples (n=202) were obtained by masturbation after 3-4 days of sexual abstinence.
Blood samples (n=202) were obtained on the day that the semen samples were collected. Blood samples were drawn without anticoagulant and were partly placed onto EDTA for DNA studies.
Seminological evaluation was performed using standard light microscopy according to WHO [12] recommendations. Semen samples were left for 30 minutes after ejaculation to liquefy at room temperature. Sperm concentration and motility types A, B, C, and D were determined using a Makler counting chamber. Sperm viability was assessed by eosin-fixed smears. The presence of leukocytes was evaluated by the Endtz test [13] . Sperm morphology was assessed according to Kruger's strict criteria [14] following Papanicolau staining of the semen smears. Antisperm antibodies were determined by the mixed antiglobulin reaction (MAR) test [12] .
Medical interview and andrological examination. During the medical interview, the volunteers were asked to fill out the previously prepared questionnaires. These included questions on previous and current diseases, lifestyle, and possible environmental disrupters. Physical andrological examination of all
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Determination of the CAG and GGN repeats within exon 1 of the AR gene was performed by polymerase chain reaction (PCR). The study population consisted of 180 young men from the Poznan (n=103) and Lublin regions (n=77).
DNA was extracted from the blood samples using the salt precipitation method. The CAG and GGN repeat regions of the AR gene were amplified by PCR (Peltier Thermal Cycler, PTC-200, MJ Research) utilizing primers flanking the polymorphic CAG and GGN regions labeled with fluorescent dyes by HEX (GGN) and FAM (CAG). (Only forward FW primers were labeled.) For GGN repeat length analysis, we used forward primer (FW) 5'-TCCTGGCACACTCTCTTCAC-3' and reverse primer (RV) 5'-GCCAGGGTACCACACATCAGG-3'. For CAG repeat length analysis, forward primer (FW) 5'-TCCAGAATCTGTTCCAGAGCG-3' and reverse primer (RV) 5'-CTGTGAAGGTTGCTGTTCCTCA-3' were used. The amplification of the AR gene for CAG was performed in 20 µl reaction volumes, containing (apart from the primers) 10 mM dNTP, 5 U/µl polymerase Taq D-6677 (Sigma), buffer with 15 mM MgCl2, and 200 ng genomic DNA. The PCR conditions included an initial denaturation step at 95°C for 5 min; the 30-cycle PCR consisted of: denaturation at 95°C for 45 s, annealing at 60°C for 30 s, and elongation at 72°C for 30 s. The final extension step was performed at 72°C for 1 h.
GGN amplification was performed in 25 µl reaction volumes consisting of (apart from the primers) 10 mM dNTP, a buffer containing MgCl 2 , GC-RICH buffer, 5 U/µl polymerase FastStart Taq (no. 04738314001, Roche Diagnostics, Mannheim, Germany), and 200 ng genomic DNA. PCR conditions included initial denaturation at 95°C for 3 min, while the 30-cycle PCR consisted of a denaturation step at 95°C for 1 min, annealing at 55°C for 2 min, and elongation at 72°C for 2 min. The final extension step was performed at 72°C for 1 h.
The PCR products were separated using ABI 310 capillary electrophoresis and the fragment lengths were analyzed using the Peak Scanner v1.0 Applied Biosystems program.
Data analysis
Statistical calculations were performed using Statistica data analysis software system (version 10; www.statsoft.com., StatSoft, Inc. (2011). Significant differences were assessed using the Mann-Whitney test. All results were expressed as means ±SEMs. P-values below 0.05 were taken as the accepted level of significance. Correlations between the semen parameters and serum hormone levels were evaluated by Spearman's rank -order correlation.
Results
The semen parameters of the studied male cohort are shown in Table 1 .
In total, 2 groups of men contributed their data to this analysis. Statistical evaluation of some seminological parameters in these groups revealed statistically significant differences. Lower sperm concentration per milliliter of ejaculate was detected in a group of males from Lublin group as compared to Poznan (p=0.04). Among others, the total sperm concentration per ejaculate revealed high statistically significant differences between the groups (p=0.003). The Poznan group exhibited superior key semen parameters (sperm concentration per ml, total sperm concentration per ejaculate, motility type A) over the Lublin group but, surprisingly, the vitality and morphology parameters were statistically lower than in the Lublin group. All the observed seminological parameters (means) in the tested group were correct.
Hormonal evaluation. For 161 randomly selected men: PRL, FSH, LH, IGF-1, estradiol, testosterone, DHEA and DHEAS and SHGB concentrations were evaluated ( Table 2 ). The levels of IGFBP-3 and inhibin B were examined only for the Poznan group.
There was a range of statistically significant differences in the hormonal levels measured in the groups. The differences between the Poznan and Lublin groups in seminological parameters, shown in Table 1 2498 group (p=0.01), in which sperm concentration (the main seminological parameter) was significant higher than for the Lublin group. Testosterone levels were again statistically higher in Poznan than for the Lublin group (p=0.0000001). The levels of PRL found for the Poznan group were slightly higher than for the Lublin males, but the difference was statistically insignificant. The calculated means for LH differed in a statistically significant way between the Lublin and Poznan groups (p=0.000001). (Lower levels of LH were found in males from the Lublin region.) High means were observed in the Lublin group for IGF-1 and estradiol levels; these were significantly different from the means obtained for the Poznan group.
Numerous significant correlations between seminological parameters, hormones, and proteins were found in the whole tested population and in the two subgroups analyzed separately (see Table 3 ).
In the whole tested population of Polish males, significant correlations between spermatozoa concentration per ml of ejaculate and motility type A (R=0.58; p=0.0000001), and between spermatozoa concentration/ml and inhibin B (R=0.37; p=0.0001), were found. The concentration of spermatozoa/ejaculate and motility type A (R=0.55), as well as the concentration of spermatozoa/ejaculate and inhibin B (R=0.40; p=0.00003), correlated with similar powers. Inhibin B correlated negatively with the FSH level (R=-0.38; p=0.00008).
In the males from the Poznan group, similar correlations were observed as in the whole tested population of Polish males. 
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The positive correlations were seen between the mean level of inhibin B and the total spermatozoa concentration in the ejaculate (R=0.37, p=0.00006), as well as in the concentration of spermatozoa/ml of ejaculate (R=0.35; p=0.0001). Negative correlations were observed between FSH and inhibin B concentrations (R=-0.34; p=0.0003) and sperm A motility (R=-0.34; p=0.0003).
In males of the Lublin group, positive correlations between spermatozoa concentration per ml of ejaculate and motility type A (R=0.57; p=0.0000001), and between total concentration of spermatozoa and sperm motility type A (R=0.54; p=0.000001) were observed. Sperm morphology (R=0.67; 0.000001) and vitality (R=0.49; p=0.000003) correlated positively with motility type A. A negative correlation was observed between sperm viability and prolactin levels (R=-0.38; p=0.0004).
Studies of the polymorphic regions of the AR gene were performed on the samples of 180 men from the Poznan (n=103) and Lublin regions (n=77). The number of trinucleotide CAG and GGN repeats within the first exon of the AR was investigated using PCR. The mean number of CAG repeats calculated for the whole male Polish population (n=180) was 21. 
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The correlations between CAG length repeats and somatic features of the individuals failed to reach statistical significance. Physical examinations consisted of: anatomy of the penis, location of the testes, testicular volume, testicular density, structure of the epididymis, structure of the vas deferens, surgical scars, the occurrence of varicocele, hydrocele, or testicular cancer, and the development of pubic hair.
The range of AR CAG and GGN repeats in the total studied population of males (from Poznan and Lublin) is displayed in Figures 1 and 2 .
In Table 4 , the Spearman rank correlations between the sperm parameters, hormones and CAG and GGN trinucleotide repeats have been summarized.
To our surprise, the Spearman's rank correlations for all the men had rather weak coefficients. Low-power but statistically significant negative correlations were found between CAG repeats and SHGB (R=-0.23, p=0.001) as well as for IGF-1 levels (R=-0.21, p=0.003). Positive correlations were identified between CAG repeats and FSH (R=0.24, p=0.0004), and LH levels Among the men from the Lublin region, there is an unusually high number of statistically significant correlations (Table 4) .
Discussion Semen analysis
Systematic epidemiological studies of human semen quality have to date mostly been carried out in Scandinavian countries.
A study of sperm count in young Finnish men of reproductive age revealed that the mean concentration of spermatozoa/ml of ejaculate was 54 million. The value in Estonian men was 57 million. In Denmark and Norway, the mean number of spermatozoa/ml of ejaculate was calculated to be similar, though lower, at 41 million [15] . In our study, the mean number of spermatozoa per milliliter of ejaculate was found to be lower (49.6 mln/ml) in the Poznan group than for the Estonian and Finnish men. However, the concentration of spermatozoa per milliliter of ejaculate found in the Lublin population, at 40.9 mln/ml, was similar to the mean values calculated for the Danish and Norwegian male populations. Comparisons of total sperm counts among the tested male groups, including countries from the Baltic region, showed that the mean number of spermatozoa was the highest in population of Poznan, at 209.0 million. The total number of spermatozoa in ejaculates from Finland was 185.17 million, in Estonia 174 million, in Norway 133 million, and in Denmark 144 million [15] . The calculated mean for the Poznan group was (209 million), statistically higher than the mean calculated for Lublin (121.4 million). Furthermore, the Lublin group, exhibited lower total sperm counts than those obtained for Scandinavian populations. In the investigation of sperm morphology, it was found that the percentage of normal spermatozoa was higher in Finland (8.9%) and Estonia (9.2%) than in Norway (6.9%) and Denmark (6.4%) [15] . In our study, the percentage of sperm with good morphology for the Poznan group was 32.1%. However, the relatively high values revealed in the groups of Polish males may rather indicate the low sensitivity of sperm morphology assessment than truly objective values. This suggestion is based on the fact that quality controls are carried out only occasionally at Polish andrological evaluation centers. Studies of men from the Baltic region revealed that, in populations of young males from Northern Europe (Finns and Estonians), the number of spermatozoa/ml of ejaculate and the number of spermatozoa in ejaculate (and the number with good morphology) was found to be higher than in populations from Western Europe. A rather positive East-West gradient was also noted in the earlier European epidemiological studies [15] . Our study groups may be surprising, since the Poznan population was more similar to Eastern population data, while the Lublin group revealed similar values to the male populations of Western Europe. Not all the tested seminological parameters showed this pattern. Many other studies have demonstrated regional differences in the quality of semen, even within the same country [16] . Unexpected statistically significant differences were shown during sperm parameters analysis of volunteers from different regions of Denmark, and were explained by differences in sampling procedures, rather than in constitution, geography, lifestyle or environmental differences. However, significant regional differences in FSH and inhibin B levels were found [16] , and this finding, in our view, argues for the great hormonal sensitivity of the spermatogenesis process. Betterfocused epidemiological surveys could explain more precisely the occasionally indicated associations between spermatogenesis and sex hormone levels, regulatory circulating proteins and so on, taking into account examples of previously reported differences in FSH and inhibin B levels.
Our study recruited young men between 18-35 years of age. This age range may also explain the observed unexpected differences between sperm parameters among the study groups of young Polish men. The period of sexual abstinence required prior to the first ejaculation may result in statistical differences in the analysis of the biological quality of the semen [17] . For example, when further subdividing the obtained sperm concentration data between two Polish subgroups of men -those under 30 years of age and those above 30 years of age -we found that, in the group over 30, the mean value of spermatozoa/ml was 81.2, and the total number of spermatozoa was 360 million. However, in the group of younger men, the mean number of spermatozoa/ml was only 55.9, and the mean of the total number of spermatozoa in the ejaculate was 252.2 million. These differences, although not statistically significant, reveal a high heterogeneity among the studied individuals in respect to their age.
On the other hand, Carlsen et al. [18] also investigated young males, who provided quarterly semen samples for up to 4.5 years; they found that sperm concentration, total sperm count, and morphology did not change significantly during the 4 years of follow-up.
Hormones and circulating protein levels
The comparisons obtained between the mean levels of the hormones and the proteins revealed statistically significant differences among the groups of men from Poznan and Lublin. These differences may reflect the analysis of seminological parameters. In our view, unpredictable error may be a reason for the differences. For example, the time of blood collection may have an impact on hormonal measurements, as the level of testosterone differs markedly depending on the time of the day. However, the measurement of FSH does not seem to be time-dependent. The calculated mean FSH level for the Poznan group was 6.23 ng/ml -statistically higher than the FSH levels in the Lublin group. However, the means of the hormones and proteins for the two tested Polish groups did not exceed the accepted reference limits, with exception of DHEA. The mean level of LH in the Poznan group (6.88 mlU/ml) approached the upper limit of the reference value (8.34 mlU/ml).
In many epidemiological studies of semen quality, a positive relationship has been seen between inhibin B level and the number of spermatozoa. This was also generally confirmed in our study.
Apart from sperm concentration, we also observed a positive correlation between sperm A motility and inhibin B. We have also shown -as in the study of the Danish population -a negative correlation between inhibin B and FSH levels. Inhibin B is considered to be a better marker of Sertoli cell function and a more direct factor for estimating spermatogenetic efficiency than FSH [19] .
A potential limitation of our studies was that only a single blood sample was collected to assess hormone and protein levels. However, it was found [20] that, despite the variables (pulsed or cyclic hormonal secretion), a single measurement seems to be sufficient; this was employed in most of the epidemiological studies that have been performed so far [20] . Brambilla et al. found that one sample is generally not sufficient to characterize an individual's hormone levels (testosterone and other reproductive adrenal hormones), but collecting more than three samples is probably not a realistic expectation [21] .
Androgen receptor gene: CAG and GGN nucleotide repeats
The number of CAG repeats can be related to androgen receptor function. The revealed distribution of CAG repeats differed significantly between the studied ethnic groups [22] . Irvine at al. observed a significant difference in the prevalence of short CAG alleles among the three ethnic groups studied in respect of prostate cancer [23] . Ethnic differences were also revealed by Ackerman and coworkers [24] . [23] . A study in China revealed that CAG repeats ranged from 10 to 34, and the mean number of repeats was 23 in randomly selected men [4] . Similar observations for Chinese populations (mean 23.0±3.1) were confirmed by Tse [25] .
To our knowledge, Polish investigations of CAG repeats have previously been performed by Filus et al. [26] and Trzmiel-Bira et al. [27] [5] . In a German population of healthy men, the CAG range was 13-31 and the mean was 21.4±3.5; in a Belgian population, the mean number of repeats was 21 and the range was from 15 to 31. However, in a population from Greenland, the mean number of CAG repeats was 24. In a Japanese population of healthy men, the range was from 17 to 30, with a mean of 23.9±2.9, which differed from the range and mean obtained for infertile men -20-34 with a mean of 26.6±3.5. In North American, populations the range of repeats in healthy fertile men was 8-37 and the mean number of repeats was 22±3. The range and means of repeats in our studied population have been thus similar to West European and North American healthy male populations. The ethnic differences might, however, explain the differences in the number of CAG repeats between the Polish groups studied here and, for example, males from Wroclaw, who show rather an Eastern profile -it is possible to recognize this phenomenon as the result of demographical drift (immigration) from Ukraine to Wroclaw after the Second World War. There is some evidence that the differences found between the mean and the range of CAG repeats in healthy fertile or infertile men may originate from recruitment to the studies of heterogeneous population samples that are, nonetheless, inadequate in number. We assumed a value of great interindividual differences despite the relatively homogenous nature of the Polish population.
The initial analysis with Spearman rank correlations between CAG and GGN, and the hormonal or regulatory proteins levels, was carried out by summing up all the tested males and their groups separately (Poznan, Lublin). Some correlations were found: for all the tested Polish males, we have found positive correlations between CAG length repeats and LH and FSH levels. Negative correlations were found between CAG length repeat and IGF-1 and SHGB levels. A positive correlation between the number of GGN repeats and PRL level was also observed. In the published literature, only a few, random correlations were noted between the number of repeats and the hormonal levels. Similarly, von Eckardstain et al. [7] have published data on the positive correlation between CAG and LH and FSH levels in a group of healthy volunteers with normal sperm parameters. It is known that testosterone is produced by Leydig cells under the influence of LH, and LH thus regulates testosterone level. High FSH level and low inhibin B levels are rather connected with anomalies in gonadal function. In patients with a normal hypothalamic-pituitary-gonadal axis and with abnormal function of Sertoli cells, inhibin B secretion is reduced and FSH levels are increased. The increase in the FSH level therefore indirectly marks abnormal gonadal function. Elevated LH and FSH levels can be further observed in patients with oligozoospermia. Despite this, statistically significant differences between the number of CAG repeats observed in infertile patients versus healthy fertile population have not always have been identified [6] [7] [8] . It may be that even subtle genetic changes in the biochemical properties of AR can disturb the development of sperm cells through changes in androgenic regulation.
Conclusions
This report has attempted to determine the quality of semen samples and of sex hormones and regulatory proteins in a Polish population of young males. The seminological values were found to be better than expected; however, regional differences were clearly identified, and the age factor unexpectedly appeared to play a role within individuals recruited to the study. However, we have examined a total of only 202 serum and semen samples, and this is the main limitation of the study. Future surveys should be undertaken to provide more information regarding the epidemiological condition and fertility potential of young Polish men.
The results shown here indicate that the calculated means and the range of CAG repeats of the AR gene in the studied population of Polish young men were comparable to the West European data, while both CAG and GGN correlations with hormonal and other proteins levels need to be further confirmed in a larger population sample.
